Objectives. This study aims to evaluate the effectiveness of initial insulin therapy versus oral hypoglycemic agents in glucose control among newly diagnosed Type 2 diabetes patients.
INTRODUCTION
Diabetes mellitus has become a worldwide pandemic with an estimated adult prevalence of 382 million in 2013. Prevalence is predicted to rise to around 592 million by 2035. 1 The disease currently has no known cure, and because of its serious complications, tight sugar control and reduction of glycosylated hemoglobin is important. The initial management of lifestyle modification involving medical nutrition therapy and exercise often is not sufficient to reduce blood glucose levels to acceptable levels.
Applying the 2013 American Association of Clinical Endocrinologist (AACE) Comprehensive Diabetes Management Algorithm, the next step after lifestyle will be to use oral hypoglycemic agents; initially, as monotherapy progressing to triple therapy as stratified by the entry HbA1c level. Insulin enters the algorithm only after failure of triple therapy or when glucose control is very poor, with HbA1c > 9%. 2 The rate of progression of β-cell failure determines the rate of disease progression in Type 2 diabetes. From the time of diagnosis, the β-cells produce less insulin, and this is believed to be due to the wearing out of the β-cell after it has been forced to continuously hypersecrete insulinwhich is the mechanism of action of sulfonylureas. 3 Rarely do physicians start insulin therapy in newly diagnosed stable diabetic patients. Most, if not all, patients would also choose oral hypoglycemic agents over insulin especially at time of diagnosis. In 2011, the ageadjusted percentage of adults with diabetes who reported taking pills only was 3 times higher than those who reported using insulin only (50.3% vs. 17.8%). 4 However, it has been hypothesized that using oral hypoglycemic agents further pushes pancreatic beta cells to failure. The initial benefits of sulfonylurea agents are caused by increasing insulin secretion from already deteriorating pancreatic beta cells. 5 Initial insulin therapy can rapidly address the glucose toxicity and improve beta cell function in newly diagnosed type 2 diabetics . 6, 11 Hence, there are many proponents of initiating therapy with insulin before maintaining patient on oral hypoglycemic agents. 7,8. Several measures of glycemic control, insulin resistance and pancreatic beta cell function are available. Glycated e-ISSN 2308-118X hemoglobin or HbA1c is a form of hemoglobin commonly used to measure the average plasma glucose concentration for 120 days-the life of the red blood cell.
The homeostatic model assessment (HOMA) first described by Matthews, et al., in 1985 , is used to quantify beta cell function (HOMA-B) and insulin resistance (HOMA-IR). HOMA is a widely validated clinical and epidemiological tool and is derived from a mathematical assessment of the balance between hepatic glucose output and insulin secretion from insulin and fasting glucose levels. It only requires a single measurement of insulin and glucose in the basal state. HOMA-IR is the product of basal glucose and insulin levels divided by 22.5 and is a simple, inexpensive, and reliable surrogate measure of insulin resistance. HOMA-B, computed as the product of 20 and basal insulin levels divided by the value of basal glucose concentrations minus 3.5, has been proposed to be a good measure of β-cell function. 9 Insulin is the most effective hypoglycemic agent known. Early insulin therapy had shown good outcomes on both short-term and long-term glycemic control. 7 Rapid reduction of glucotoxicity can immediately improve β-cell function and would preserve its ability to secrete insulin. Hence, glycemic improvement would lead to longer periods of good glycemic control or even remission and could even prevent the development of complications. 10 Randomized controlled trials have been done to evaluate the benefits of initiating therapy on newly diagnosed diabetics with insulin versus oral hypoglycemic agents. [13] [14] [15] [16] [17] [18] However, no conclusive evidence were available to verify this hypothesis.
The objective of this study is to evaluate the effectiveness of initial insulin therapy versus oral hypoglycemic agents in terms of glucose control, pancreatic beta cell function and adverse effects such as hypoglycemia and weight gain.
METHODOLOGY
Trials were identified by searching PubMed (June 2012), EMBASE (June 2012), Cochrane Library, Science Direct and Clinical Trials.gov. Search terms using medical subject headings (MeSH) were the following: diabetes mellitus type 2, insulin, oral hypoglycemic agent, randomized controlled trial. Manual search was done at St. Luke's College of Medicine Library. Articles published in any language were considered.
Abstracts of the articles selected from each of these multiple searches were reviewed and those which met the inclusion criteria were retrieved for the meta-analysis. Search was also done using Google Scholar and other search engines for additional articles that may be included in this study. Inclusion criteria were as follows: studies of randomized controlled trial which have newly diagnosed type 2 diabetic adults as subjects given insulin with or without metformin versus oral hypoglycemic agent or agents; with the following outcomes: glycemic control (HbA1c), measures of insulin resistance or beta cell function, weight, or episodes of hypoglycemia. Studies with subjects with HbA1c >10%, diabetic emergency or any serious comorbid conditions were excluded. A total of 2618 articles were found by searching five databases and by cross-referencing relevant studies from bibliographies ( Figure 1 ). Fifty-two articles were excluded because these were duplicate articles and an additional 2537 articles were excluded because these studies failed to fulfill the selection criteria. The selection process yielded 29 related articles using insulin as the initiation therapy for newly-diagnosed diabetes mellitus type 2. These articles were retrieved and their abstracts reviewed and appraised by two independent persons to check for validity. Any incompatibility or question was addressed by a third person. Out of the 29 articles, 15 were excluded since they were review articles. Fourteen articles were left from the initial screening. Two of these articles were again excluded as these were non-clinical trials. One article was excluded since randomization was not done. We were left with eleven potentially relevant articles and these were retrieved, reviewed in full text and assessed. Out of the 11 articles, 5 were excluded as these articles compared two different types of insulin as initial therapy for newlydiagnosed type 2 diabetes mellitus. Of the remaining studies, six out of the eleven potential articles satisfied the inclusion criteria for this meta-analysis. 
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RESULTS AND DISCUSSION

Glucose Control
Four studies evaluated the effect of initial insulin treatment on glucose control in term of glycosylated hemoglobin (HbA1c). Of the total of 315 patients analyzed, 176 received insulin while 139 received oral hypoglycemic agents. The studies by Harrison and Chen noted slightly better glycemic control with use of insulin however the studies by Weng and Joya-Galeana showed an opposite result. (See Figure 2. ) Noteworthy is that in both treatment arms, the majority were able to achieve HbA1c of less than 7% and a significant number achieved a value of less than 6.5%. These HbA1c values are the usual treatment goal recommended by clinical guidelines. 2, 12 Figure 3 demonstrates that although there is a trend indicating lower HbA1c among participants who were given OHAs as initial treatment, the difference between the two groups is not statistically significant. Furthermore, the Tau 2 of 0.27 and an I 2 of 88% indicate presence of substantial heterogeneity. Even using the random effects model, this level of heterogeneity remains an issue.
Of the four studies, only Weng did not clearly state intention to treat. A sensitivity analysis was done and Weng's study was excluded from the analysis, however the results as well as the level of heterogeneity remained essentially the same.
Looking at Figure 2 , we can see that in studies of Weng, and Joya-Galeana, HbA1c in the insulin group increased after a year and six months, respectively, however were not statistically significantly different from the oral hypoglycemic agents group (p value of 0.97, and 0.92, respectively).
The relatively short duration of follow up of the included studies may explain the lack of statistically significant difference in HbA1c between the two study arms. In the study of Turner, 1999-the UKPDS 49-the proportion of patients maintaining target HbA1c levels declined over the follow-up of 9 years. After 9 years of monotherapy with diet, insulin and sulfonylurea, 9%, 28%, and 24% respectively achieved HbA1c levels below 7%. 8 A study with a longer follow-up is needed in line with the hypothesis that insulin in the early phases of diabetes mellitus type 2 treatment will result in improvement of beta cell function and subsequent better glycemic control in the long term.
Beta Cell Function and Insulin Resistance
HOMA-Beta reflects the function of pancreatic beta Cells. Two studies reported HOMA-Beta as an outcome. The study by Chen revealed significant improvement in Beta cell function among participants who received initial insulin treatment 17 however the study by Weng contradicts this result. 9, 10 When we analyzed the results from the two studies, the difference between the HOMA-Beta among the two groups is not statistically significant. Likewise, the Tau 2 of 1951 and an I 2 of 91% indicate presence of substantial heterogeneity. (Figure 4) The subjects in the study of Chen were newly diagnosed patients with type 2 diabetes mellitus with relatively more severe hyperglycemia despite the fact that they only chose patients with HbA1c less than 7%. The higher the level of hyperglycemia, the glucotoxicity is worse and theoretically, the greater effect of insulin on HOMA B. Unsurprisingly, the study noted better HOMA B index in the insulin group. 17 On the effect on insulin resistance, the studies by Weng and Chen showed conflicting results. 9,10 Weng showed improvement in the insulin resistance among patients in the insulin treatment arm, while an opposite finding was seen in the study by Chen.
In terms of insulin resistance as noted by HOMA IR, no significant change from baseline to the end of the intervention and between the insulin groups were noted. However Weng with a greater population of 382 versus 50 in Cheng's study, noted HOMA B was significantly increased in all patients and HOMA IR significantly decreased in all patients with both p value of <0.0001. 9 However when the groups were compared, the difference was not statistically significant.
Analyzing the result further, Figure 5 shows a trend indicating lower HOMA-IR among participants who used insulin. However, the difference between the two groups is not statistically significant. Furthermore, the Tau 2 of 1.28 and an I 2 of 56% indicate presence of substantial heterogeneity.
Weight Gain, Hypoglycemia and Other Adverse Effects
Four studies included post treatment BMI as an outcome. Of the 345 patients analyzed, 184 received insulin while 161 received oral hypoglycemic agents. All four studies showed lower post treatment BMI among participants in the insulin treatment arm. An opposite finding was expected as insulin is known to cause weight gain.
However, other OHA such as sulfonylureas specifically glyburide, glipizide, gliclazide, which were given in the studies of Harrison, Hu, Joya-Galeana, Chen and Weng are also known to cause weight gain. ( Figure 6 )
Further analysis showed that indeed there is significantly lower post treatment BMI among participants who used insulin. However the Tau 2 of 0.81and an I 2 of 52% indicate presence of heterogeneity. (Figure 8 ) Only three studies reported post treatment weight as an outcome. All of the three studies showed a lower weight (however statistically insignificant) among patients who received insulin.
Similar to post treatment BMI, there is a trend of lower post-treatment weight among participants who used insulin, however, the difference between the two groups is not statistically significant.
There were no noted severe hypoglycemic episodes reported in the study of Weng. The proportion of patients with minor hypoglycemic events-prompt recovery after patient self-administered carbohydrate-were also the same in all groups. In the study of Harrison, two subjects in the insulin group had three severe hypoglycemic episodes compared with four subjects with four episodes in the oral hypoglycemic group. Both groups have a comparable number of mild hypoglycemic events, 0.5 ± 0.8 events per month in the insulin group and 0.4 ± 0.5 events per month in the oral hypoglycemic group. The hypoglycemic event is affected by the close monitoring of blood sugar, with proper dose adjustment of the intervention.
Issues Regarding Heterogeneity
A number of factors could have contributed to the heterogeneity (Table 4 ). Methodological differences such as differences in the interventions as well as different outcome measures and study duration are factors contributing to methodological and statistical heterogeneity. We have anticipated such methodological differences so we used the Random Effects model to analyze this. However, the heterogeneity remains an issue in interpreting the result.  In most studies, blinding was not stated.
Statistical Heterogeneity
 The primary outcome measures of the included studies were different. Since statistical power have been computed for the primary outcomes, this presents as a possible source of statistical heterogeneity.  Results at the end of the study were used instead of difference between start and end of study results.
Limitations
In all studies, it was noted that the absolute values were used instead of the mean difference in the laboratory values in the analysis of results. This could have affected the final outcome since the actual change caused by the treatment was not represented. Data were lacking to be able to compare the mean change in terms of HbA1c, HOMA beta, HOMA IR and BMI between the two groups.
CONCLUSION
Among newly diagnosed type 2 DM patients, there is not enough evidence for or against the use of insulin compared to oral hypoglycemic agent as initial management in terms of improvement in glycemic control, decrease in insulin resistance and improvement in beta cell function..
Heterogeneity of data, short duration of follow-up and lack of clinically relevant outcomes are critical issues that preclude a conclusion on the effectiveness of insulin compared to oral hypoglycemic agents as initial therapy for newly diagnosed diabetes type 2 patients.
There is no clear evidence that insulin offers a clear advantage over oral hypoglycemic agents as initial therapy for newly diagnosed type 2 diabetes mellitus during the first 6 months to 3 years of treatment.
A study of significantly longer duration of follow up of at least 10 years may be needed to establish the long term effects of initial insulin treatment. Likewise, future studies should also include clinical end points such as cardiovascular events and mortality as outcomes of interest and utilize new oral hypoglycemic agents other than sulfonylureas. 
